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Abstract

Purpose:  To assess the results of t reat ing distal radial fractures with a volar plate. Other 
aims were to evaluate the concordance between funct ional scales and the Castaing 
radiological score and carry out  a mult ivariate analysis of the preoperat ive data in order 
to fi nd out  which data were most  relevant  for the fi nal result .  
Mat erials and met hods:  A ret rospect ive study was performed of 31 pat ients with a distal 
radial fracture t reated with a volar plate. Pat ients were analyzed on the basis of age, 
side involved, fracture pat tern according to the Fernandez’  classifi cat ion, and t ime-to-
surgery. A funct ional evaluat ion was made using Gart land’s scale as modifi ed by Sarmiento, 
the modifi ed Mayo Wrist  Score, Castaing’s funct ional scale and the DASH scale. In addit ion, 
a radiographic assessment  was also carried out  using Castaing’s score and taking into 
account  the occurrence of early and/ or late complicat ions. 
Result s:  All fractures went  on to heal. Most  pat ients obtained excellent  or good funct ional 
results on the dif ferent  funct ional scales used. Mean DASH score was 10.92. We cannot  
claim that  the results have been infl uenced by the type of fracture sustained. There was 
one case of secondary displacement  in an osteoporot ic pat ient . 
Conclusions:  Treatment  of distal radial fractures by means of a volar plate is a safe 
alternat ive that  permits an anatomic and stable reduct ion as well as early wrist  mobilit y. 
Good funct ional and radiological results can be obtained with few complicat ions.
© 2007 SECOT. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Distal radial fractures are some of the most  prevalent  
fractures among the populat ion. They account  for 15% of 
upper limb fractures and occur mainly in white elderly 
pat ients1.  Ideal t reatment  of this type of fracture remains a 
cont roversial subj ect 2,3.  There is consensus that  anatomic 
reduct ion diminishes the occurrence of radiocarpal 
osteoarthrit is4 and that  the quality of the Joint  reduct ion is 
related with the fi nal result 5,6.  A j oint  step-off  of less than 2 
mm is acceptable.

Mult iple Studies have shown that  open reduct ion and 
internal fi xat ion can prevent  sequelae derived from a poor 
reduct ion of the j oint  surface, such as pain, st if fness, Joint  
instabilit y and nerve compression.

Open reduct ion and internal fi xat ion with plates is a good 
alternat ive for the t reatment  of displaced ext ra-art icular 
and int ra-art icular fractures of the distal radius7–10.  The 
advantages of plat ing include restorat ion of the bony 
anatomy, a stable internal fi xat ion, a shorter immobilizat ion 
period and a speedier recovery of wrist  funct ion7–13.  These 
advantages cannot  be obtained with external fi xat ion or 
with percutaneous fi xat ion with Kirschner wires and 
cast ing12.

The purpose of the present  art icle is to evaluate the 
funct ional and radiologic results of distal radius fractures 
t reated with a volar plate.

Materials and methods

A t ransversal study was carried out  of pat ients with a distal 
radius fracture operated in our hospital with a convencional 

volar plate (Synthes 2.4), between January 2003 and 
December 2005. The inclusion criteria were as follows: 
skelet ically mature pat ients with an unstable fresh (less 
than 4 weeks’  old) distal radius fracture, t reated with open 
reduct ion and a volar plate (according to the surgical 
technique described by Henry et  al14),  whose full clinical 
and radiological history was available. All radial fractures 
that  extended beyond the distal third of the radial shaft  
were excluded, as were pat ients t reated with other 
techniques (Kirschner wires, external fi xator, dorsal plate 
or a combinat ion of two or more t reatments).

The 31 pat ients that  met  the inclusion criteria and agreed 
to part icipate in the study were reviewed by a single 
researcher. Data related to age, gender and occupat ion 
were gathered. Fracture-related data compiled were as 
follows: cause of the accident  (fortunitous, sports-related, 
motor vehicle or occupat ional), affected side and 
concomit tant  lesions. Distal radius fractures were classifi ed 
according to the criteria laid down by Fernández7.  This 
classifi cat ion was used to produce a descript ion of the 
fracture anatomy and its connect ion with the mechanism of 
inj ury. The maj ority of fractures (64.5%) were operated 
within 24 hours of t rauma.

Each of the pat ients was reviewed clinically and 
radiologically to analyze their outcomes. Four scales were 
used for the funct ional assessment  of the inj ured wrist :  
Gart land’s scale as modifi ed by Sarmiento et  al15,  the 
modifi ed Mayo Wrist  Score16,  Castaing’s funct ional scale17 
and the Spanish version of the DASH quest ionnaire18,19.  
Gart land’s scale as modifi ed by Sarmiento assesses residual 
deformity, subj ect ive classifi cat ion, wrist  funct ion (by 
measuring the degrees of j oint  mobilit y with a goniometer) 
and the presence of complicat ions; results were graded as 

PALABRAS CLAVE

Fractura de radio;

Muñeca;

Placa volar

Resultados del tratamiento de las fracturas de radio distal con placa volar

Resumen

Obj et ivo: valorar el resultado de las fracturas de radio distal t ratadas mediante placa 
volar. Como obj et ivos secundarios estaban comparar la concordancia ent re escalas fun-
cionales y la escala radiológica de Castaing y realizar un análisis mult ivariable de los 
datos preoperatorios para conocer cuáles eran relevantes en el resultado fi nal. 
Mat erial  y mét odo: se realizó un estudio ret rospect ivo de 31 pacientes con fractura de 
radio distal t ratada con placa volar. Se analizó a los pacientes en función de la edad, el 
lado afecto, el pat rón de fractura según la clasifi cación de Fernández y la demora quirúr-
gica. Se realizó una evaluación funcional mediante la escala de Gart land modifi cada por 
Sarmiento, Mayo Wrist  Score modifi cada, la escala funcional de Castaing y la escala DASH. 
También se realizó evaluación radiográfi ca con la escala de Castaing y se valoró si apare-
cieron o no complicaciones precoces y/ o tardías. 
Result ados: todas las fracturas consolidaron. La mayoría de los pacientes obtuvieron 
unos resultados funcionales excelentes o buenos en las dist intas escalas de valoración 
funcional. La puntuación DASH promedio fue 10,92. No podemos afi rmar que los resulta-
dos estén infl uidos por el t ipo de fractura de los pacientes. Hubo un caso de desplaza-
miento secundario en una paciente osteoporót ica. 
Conclusiones: el t ratamiento de las fracturas de radio distal mediante placa volar es una 
alternat iva segura, que permite una reducción anatómica y estable, así como la movili-
zación precoz de la muñeca, con buenos resultados funcionales y radiológicos con pocas 
complicaciones. 
© 2007 SECOT. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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excellent  (0-2 points), good (3-8), fair (9-20) and poor (>20). 
The Mayo Wirst  Score evaluates wrist  funct ion on the basis 
of pain status, occupat ional situat ion, mobilit y and 
prehensile st rength; results between 90 and 100 points 
were considered excellent ; 80-89, good; 65-79, fair,  and 
<65, poor. Castaing’s funct ional scale compares the involved 
with the healthy side in terms of pain, mobilit y and 
prehensile st rength; results between 8 and 9 points were 
considered very good, those between 6 and 7 good, those 
between 3 y 5 fair and those between 0 and 2 poor. The 
DASH quest ionnaire assigns scores between 0 and 100 
points; the lower the score the lower the degree of 
funct ional limitat ion. The current  radiograph of the inj ured 
wrist  was used to apply Castaing’s radiological scale17;  
which evaluates frontal inclinat ion, sagit tal inclinat ion, the 
radio-ulnar j oint  line (these measurements are made with a 
goniometer) as well as the stage of radiocarpal arthrit is, 
according to Knirk’s scale4.  Scores between 7 and 8 points 
were considfered very good, 5-6 good, 3-4 fair and 0-2 
poor.

The study also looked into the presence of post -surgical 
complicat ions, such as complex regional pain syndrome, 
loss of reduct ion following surgery, infect ion, deep venous 
thrombosis of the operated limb, scapholunate dissociat ion, 
DeQuervain’s disease and carpal tunnel syndrome. A record 
was made of whether these complicat ions made it  necessary 
to remove the osteosynthesis hardware. Preoperat ive 
variables studied were age, gender, occupat ion, mechanism 
of inj ury, affected side and t ime-to-surgery.

The stat ist ical analysis carried out  made it  possible to 
determine the frequency and the percentage for the 
discrete variables and the mean and standard deviat ion for 
the cont inuous variables. The study of the dif ferences 
between cont inuous variables was made as a funct ion of 
the degree of compliance with the normalcy criteria 
(Kolmogorov-Smirnov test ).  The ¯ 2. test  was used to 
compare the discrete variables In order to evaluate 
potent ial variables related with the result  (“ excellent ”  
score on the de Mayo Wrist  Score),  we conducted a 
mult ivariate logist ic regression analysis.  We chose this 
scale because it  is the one that  considers the largest  
amount  of  parameters when evaluat ing wrist  funct ion, 
which therefore makes it  more demanding; the “ excellent ”  
score was chosen because every t reatment  is aimed at  
achieving such a score. We used the kappa index to assess 
the concordance of the result s of  the funct ional and 
radiologic scales. The SPSS 12 software was used to 
compute all the result s.

Results

Of a total of 53 pat ients operated for a distal radius fracture 
by means of a volar plate (between January 2001 and 
December 2004), we obtained a total study populat ion of 31 
pat ients. Seven pat ients were excluded because of a lack of 
clinical or radiological data in their medical record and the 
remaining 15 because they refused to part icipate in the 
study when they were contacted by telephone. The sample 
was made up by 24 males and 7 females with a mean age of 
40.5±17.9 years.

On assessing the mechanism of inj ury, we observed that  
the inj ury had been sustained chiefl y as a result  of a 
fortuitous fall (low-energy t rauma), especially in the elderly 
pat ients. On the other hand, fractures in the younger 
populat ion were related to motor vehicle accidents (high-
energy t rauma). In terms of Fernández’s classifi cat ion7,  23% 
of fracturas were type I,  26% type II,  28% type III and 23% 
type V; there were no type IV fractures.

All 31 fractures healed radiologically in a mean period of 
7.5±3.2 weeks. All fractures were immobilized 
postoperat ively with a forearm splint  for 1.8±1.4 weeks. 
Fractures were followed up for 25.1±21.9 months (range: 
2-72). Wrist  funct ion assessment  gave an acceptable 
mobilit y of the wrist  Joint , with wrist  extension of 
55.9°±15.3°, fl exion of 60.4°±16.2°, radial deviat ion of 
14.7°±9.2°, ulnar deviat ion of 33°±7.9°, pronat ion of 
81.7°±2° and supinat ion of 80°±9.1°.

Funct ional results on Gart land’s scale as modifi ed by 
Sarmiento were: 20 (64.5%) pat ients with excellent  results; 
9 (29%), good and 2 (6,5%) fair.  On the Mayo Wrist  Score we 
obtained 18 (581%) excellent  results, 11 (35.5%) good, 1 
(3.2%) fair and 1 (3.2%) poor. On Castaing’s scale we obtained 
20 (64,5%) very good results, 9 (29%) good and 2 (6,5%) fair 
results; these results are in line with those obtained on 
Garland’s scale. The DASH quest ionnaire produced an 
average score of 10.9±13.3.

An analysis of the anteroposterior and lateral radiographs 
of the 31 pat ients produced frontal inclinat ion values of 
24.2°±3.7° and sagit tal inclinat ion to palmar of 2.4°±8.3°. 
The maj ority of pat ients (77.4%) showed a radio-ulnar 
distance of 0 to 2 mm, with aa mean of 1.6±0.6 mm. 
Castaing’s radiological evaluat ion scale gave 19 (61.%) very 
good results, 11 (35.5%) good and 1 (3.2%) fair result .

When comparing the concordance of funct ional results 
(as obtained with Castaing’s and Gart land’s scales) with the 
radiological results (Castaing’s scale) with the kappa index, 
a concordance of 0.35 and 0.29 respect ively was obtained, 
which indicates a weak associat ion between funct ional and 
radiological results.

We carried out  a logist ic regression using the sequent ial 
exclusion mechanism, including the following variables: 
age, gender, affected side, fracture type, occupat ion, t ime-
to-surgery, length of immobilizat ion and follow-up period. 
At tainment  of an “ excellent ”  result  on the Mayo Wrist  Score 
was correlated, in a stat ist ically signifi cant  way, with the 
pat ient ’s occupat ion and, marginally, with t ime-to-surgery. 
Both factors were negat ively related with the result ,  so 
that  for every day the surgery was delayed the likelihood of 
obtaining a good result  went  down by 20% (odds rat io 
[OR]=0.79; p=0.051); for self-employed workers the 
likelihood of obtaining an excellent  result  was 96% lower 
than for housewives (OR=0.046; p=0.0059). This result  could 
have been infl uenced by a greater demand in the results of 
self-employed workers and by the fact  that  their mechanism 
of inj ury tends to be of higher energy than that  of 
housewives. At  any rate, the confi dence interval of this 
value was ext remely large, between 0.0053 and 0.4052, 
which may be related to the low number of pat ients in the 
category.

As regards complicat ions, there were no cases of 
infect ion, deep venous thrombosis of the affected limb or 
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scapholunate dissociat ion. Two cases (6.5%) of complex 
regional pain syndrome were observed in the fi rst  few 
months following surgery, which resolved with rehabilitat ive 
and pharmacological t reatment . As regards the presence of 
radiocarpal arthrit is, 6 cases (19.4%) of stage I arthrit is on 
Knirk’s4 classifi cat ion were observed. Postoperat ively, one 
pat ient  presented with DeQuervain’s disease, which 
resolved spontaneously; 3 (9.7%) pat ients presented with 
symptoms compat ible with carpal tunnel syndrome that  
required surgical neurolysis. Hardware had to be removed 
in 4 pat ients because it  caused discomfort .

Discussion

When addressing distal radius fractures, the main goal is to 
achieve an anatomic reduct ion and early mobilizat ion, 
avoiding secondary displacement . Early mobilizat ion of the 
wrist  has shown itself  to favor the funct ional recovery of 
the fi ngers and the hand4–6.  To achieve these goals, surgeons 
have dif ferent  surgical opt ions at  their disposal. The current  
t rend is to achieve this goal by means of open reduct ion and 
internal fi xat ion of the fracture. Among the advantages of 
plate fi xat ion are the possibilit y to direct ly visualize the 
fracture, stabilit y of the fi xat ion, a shorter immobilizat ion 
period and a speedier funct ional recovery, since a stable 
assembly provides for a fuller healing of the fracture and 
thereby a shorter period of wrist  immobilizat ion20,21.  A 
comparison of clinical and radiographic results has shown 
that  a correct  anatomic reduct ion is tantamount  to a good 
funct ional result ,  although clinical-radiological concordance 
is not  the rule20.

Dorsal distal radius plates tend to lead to a high 
complicat ions rate, with irritat ion, format ion of adhesions 
and rupture of extensor tendons. Low profi le plates have 
recent ly been developed to minimize the appearance of 
such complicat ions. Use of external fi xators in the wrist  can 
only preserve reduct ion in certain fractures with large 
fragments22.

Volar plate osteosynthesis in the distal radius presents 
with a lower incidence of complicat ions in the fl exor tendons 
due to a larger space between the volar cortex and the 
tendon is larger and to the presence of the pronator muscle, 
which acts as a barrier14,21,22.  The volar cortex of the radius 
is not  often as comminuted as the dorsal cortex and, 
furthermore, it  has a large surface that  allows a stable 
apposit ion of the plate.

Funct ional results are similar to those reported in the 
recent  literature (table 1). Radiological results are bet ter 
than those described by other authors as regards frontal 
inclinat ion and poorer as regards sagit tal inclinat ion 
(table 2).

In 33 pat ients with dorsally displaced distal radius 
fractures, Kamano23 obtained, according to Gart land’s 
scale, 12 excellent  results, 20 good and one fair result ,  with 
no secondary fracture displacement . Orbay et  al24,25,  in 31 
pat ients, obtained 19 excellent  and 12 good results, with no 
secondary displacement  and with a mean DASH score of 
8.28.

Signifi cant  dif ferences regarding t ime-to-surgery have 
been found in the results (p<0.05), so that  pat ients operated 
earlier obtained bet ter funct ional results.

The development  of the new angle-stable distal radius 
plates can improve on the results obtained with LCP plates, 
especially in pat ients with poor bone quality. LCP plates 
have been in use in our hospital since 2005 and have become 
the standard plat ing system for these kinds of fractures. 
The results of these plates will be the subj ect  of forthcoming 
studies. 

To conclude, t reatment  of distal radius fractures with a 
volar plate is a safe alternat ive that  provides a safe and 
anatomic reduct ion. It  permits early mobilizat ion of the 
wrist  and achieves good funct ional and radiologic results 
with few complicat ions. Excessive t ime-to-surgery and 
demanding occupat ional act ivit ies have been related to the 
failure to achieve excellent  results. In this study, we found 
a low concordance level between the scores achieved on 
funct ional scales as compared with those on the radiological 
scale. Nor did we fi nd dif ferences between the results on 
the funct ional scales and the type of fracture classifi cat ion, 
possibly owing to the size of the sample. 
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Table 1 Funct ional results at  the end of follow-up (arithmet ical mean)

 Extension Flexion Radial deviat ion Ulnar deviat ion Supinat ion Pronat ion

Own data 55.9° 60.4° 14.7° 33° 80° 81.7°

Orbay et  al25 (2004) 58° 55° 13° 26° 76° 80°

Table 2 Radiologic results at  the end of follow-up 

(arithmet ical mean)

 Frontal  Sagit tal

 inclinat ion inclinat ion

Castellón General Hospital 24.22° 2.58°

Orbay et  al25 (2004) 20° 5°

Orbay et  al24 (2002) 21° 5°
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